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Abstract: Chagas disease is caused by infection with the 
protozoan Trypanosoma cruzi, and although over 100 
years have passed since the discovery of Chagas disease, it 
still presents an increasing problem for global public 
health. A plethora of information concerning the chronic 
phase of human Chagas disease, particularly the severe 
cardiac form, is available in the literature. However, 
information concerning events during the acute phase 
of the disease is scarce. In this review, we will discuss (1) 
the current status of acute Chagas disease cases globally, 
(2) the immunological findings related to the acute phase 
and their possible influence in disease outcome, and (3) 
reactivation of Chagas disease in immunocompromised 
individuals, a key point for transplantation and HIV 
infection management. 

Introduction 

In 2010, the 63rd World Health Assembly passed resolution 
WHA63.20, highlighting the seriousness of Chagas disease in both 
endemic and non-endemic countries, which called for measures to 
address Chagas disease transmission, diagnostics, and treatment at 
all levels. The increasing presence of Chagas in non-endemic areas 
(mostly due to immigration, blood transfusion, and organ 
transplantation), as well as the resurgence of the disease in 
endemic countries, has been a major focus of attention in recent 
years. The acute phase of Chagas disease is a critical period for this 
debilitating infection for many reasons: (1) it represents the first 
overt disease phase as a result of the host-pathogen interaction, 
often accompanied by serious symptoms, especially in patients 
infected by the oral route; (2) early detection in this phase allows 
for the introduction of effective and appropriate therapeutics; and 
(3) the immunological events that take place during the acute 
phase will likely influence disease outcome during the chronic 
phase, helping determine whether the patient will remain in the 
asymptomatic form, or progress to the deadly, cardiac, clinical 
form of the disease. These points highlight some of the greatest 
challenges in human Chagas disease, which are epidemiological 
control, efficient diagnosis and treatment, and clinical manage- 
ment (Figure 1). 

Chagas Disease Is Crossing Its Boundaries 

Chagas disease is a vector-borne parasitic disease caused by the 
infection with the protozoan Trypanosoma cruzi. Chagas disease 
history has been associated with Latin America for over 9,000 
years, where it is still endemic in many countries. However, it is 
currently estimated that 7 to 8 million people are infected by T. 
cruzi worldwide [1]. 

Several government-based control programs of Chagas disease 
transmission were launched in Latin America, starting as early as 



1960. Amongst these programs was the Southern Cone Initiative 
(SCI), formalized in November 1991 by the governments of 
Argentina, Bolivia, Brazil, Chile, Paraguay, and Uruguay, with the 
main goal of containing disease transmission primarily by 
eliminating the principal domiciliary vector (Triatoma infestans) 
[2]. While great progress was achieved via these programs, they 
were not accompanied by exhaustive surveillance actions. As a 
result, areas that were previously considered vector-free are now 
repopulated with T. cnm-infected vectors, leading to recent cases 
of acute Chagas disease. 

In the past ten years, an astonishing number of 73 reports of 
acute Chagas disease were found in the indexed literature 
(Figure 2), contrasting with 41 over the previous 20 years (198 1— 
2001). Thus, the number of reported cases has at least doubled in 
the past ten years. The alarming numbers would be even greater, 
were it not for the underdiagnosed cases, both in endemic and 
non-endemic areas. 

Oral infection with T. cruzi currently represents the most 
frequently documented route of transmission in Brazil. Micro 
epidemics of acute Chagas disease have been reported in the 
Amazon region and are mostly associated with consumption of 
contaminated acai [Euterpe oleracea) palm fruit (usually found in 
the vicinities of the houses or nearby forest areas) (Figure 2) [3], as 
well as sugar cane juice [4]. It is challenging to determine with 
complete certainty if the human infections observed in these areas 
occur by the oral route, given that the presence of the vector may 
also lead to conventional transmission, but recent studies have 
implicated contaminated acai consumption as one of the main 
causes for acute Chagas outbreaks in the Amazon region [3] . 

Increased travelling and migration of individuals from endemic 
to non-endemic areas has presented a worrisome scenario for 
congenital infection, blood transfusions, and organ transplanta- 
tions. It has been estimated that over 300,000 people infected with 
T. cruzi currently live in the United States [5] and, although 
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Figure 1. Challenges in human Chagas disease: control, diagnosis, treatment, and clinical management. Regardless of the route of 
infection, control of T. cruzi transmission is still a challenge, especially considering disease emergence and re-emergence, as discussed in this review. 
It is also critical to detect infection early on in order to provide immediate treatment to the patients. It is estimated that treatment efficacy is observed 
in at least of 80% of treated acute patients. Lack of detection of the acute phase or treatment failure lead to disease chronification. Given that 
approximately 30% of the patients in the chronic phase will develop severe, clinical forms of Chagas disease, which often lead to death, clinical 
management is critical. However, given that the mechanisms responsible for patient progression from the indeterminate to the symptomatic forms 
of Chagas disease are not completely understood, clinical management presents another important challenge. The search of prognostic markers of 
disease progression is a critical aspect for preventing pathology and introducing better clinical measures. 
doi:10.1371/journal.pntd.0003010.g001 
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Figure 2. Acute cases of Chagas disease worldwide. The embedded table shows specific information on the transmission routes and number 
of affected individuals per case, when available. Asterisks (*) in the map indicate acute Chagas disease cases reported in the last ten years. Most cases 
in South America were due to vector transmission, congenital, and reactivation cases. In Brazil, the greatest number of cases were due to oral 
contamination. In Europe and the US, most cases were due to congenital or reactivation [46-113]. 
doi:1 0.1 371 /journal.pntd.000301 0.g002 



relatively limited, epidemiological data from Europe has estimated 
59,000-108,000 cases of Chagas disease, with higher numbers in 
Spain and Italy [6]. Most documented cases refer to chronically 
infected individuals, but a few acute cases have also been identified 
in these regions (Figure 2). In view of the current situation, the US, 
France, Spain, and United Kingdom have instituted comprehen- 
sive blood bank and organ screening for T. cruzi [6]. 

Thus, a disease that was traditionally contained in Latin 
America, where it still predominandy occurs, has now crossed 
these boundaries. As it spreads, it becomes not only a problem of 
the endemic countries but also for the international community. 

Early Immunological Events Driving Disease 
Outcome: Evidence-Based Theories 

The acute phase of Chagas disease represents the first contact 
between the parasite and the host, and the moment in which the 
immunological response will be triggered. It is possible (and likely) 
that the immunological events that take place during the acute 
phase will greatly influence the outcome of the disease towards the 
development of protective or pathogenic response in the chronic 
phase. 

Detection of individuals during the acute phase of Chagas 
disease is rare because of the relatively nonspecific clinical 
symptoms observed in most of the infected patients [3,4]. This 
delay in detection prevents diagnosis and consequendy limits 
availability of studies describing the immunological status of 
acutely infected individuals. Moreover, late (or absent) diagnosis 
impairs treatment and, thus, disease cure. The use of conventional 
therapy, as well as the need for alternative drugs and/ or adjuvants 
to adequately treat Chagas disease patients, are critical issues and 
were discussed by us in another review [7]. While scarce, the 
findings obtained so far have provided valuable information 
clarifying the role that initial immunological events might have on 
driving the development and progression of distinct clinical 
manifestations during the chronic phase of Chagas disease. Most 
immunological studies performed to date in acutely infected 
individuals followed the leads given by studies in experimental 
models, which are briefly summarized in Box 1. 

It is a consensus that during the acute phase, a robust immune 
response is mounted in the host, which leads to the dramatic 
control of parasitemia. Although the exact mechanisms that 
mediate parasite control have not yet been clarified in humans, it is 
believed that they rely gready on the function of innate immune 
cells, such as natural killer (NK) cells, neutrophils, and macro- 
phages. NK cells are important sources of interferon (IFN)-gamma 
and tumor necrosis factor (TNF)-alpha, which are critical for the 
activation of macrophages to eliminate the parasite. A phenotypic 
analysis of NK cells from children with acute Chagas disease 
showed a high frequency of a particular activated NK subpopu- 
lation, characterized as CD16+CD56— [8], which seems to be 
activated by parasite surface molecules [9]. Amongst these 
molecules, particular attention is given to glycosylphosphatidyli- 
nositol mucins (GPI-mucins), which are the most abundant T. 
cruzi surface molecules involved in parasite adherence to host 
tissues and critical in activating immune responses [10]. Thus, it is 
believed that proinflammatory cytokines released by macrophages 
and NK cells in response to GPI-mucins and other molecules 



further activate these and other cell types to control parasitemia 

[11]- ... 

While T cell activation is also observed during acute phase, the 
appearance of antigen-specific cytotoxic T cells is delayed, 
possibly due to an immunosuppression observed in acute patients 
[12]. Early activation of specific CD4+ T cells has been 
associated with a bias repertoire, showing a decreased frequency 
of CD4+ T cells expressing the T cell receptor V-beta region 
(Vbeta-TCR) 5 in the peripheral blood of acutely infected 
individuals from Bolivia, compared with uninfected individuals 
from the same geographical area [13]. Interestingly, chronic 
patients displayed an increase in the frequency of CD4+ T cells 
expressing the same Vbeta region [13], [14]. Recently, our group 
demonstrated that these Vbeta5 expressing CD4+ T cells display 
a highly conserved CDR3 region amongst cardiac, but not 
indeterminate patients [14]. 

The onset of adaptive immunity is followed by enhancement of 
circulating activated B cells [15]. After 15 days of infection, IgM 
antibodies are highly abundant in the sera of acute chagasic 
patients [16] and used as a serological parameter [17]. Still, in the 
early phase of infection, specific IgG and lytic antibodies against 
trypomastigotes are widely detected, which may be a mechanism 
of enhancing resistance to the parasite [16]. 

Generation of cellular and humoral immune responses to 
infection with T. cruzi is orchestrated in great part by cytokines. 
As demonstrated by studies with acutely infected children from 
an endemic area in South America, there is a dominant Thl 
type (IFN-gamma) cytokine profile, with very low levels of IL-4 
[18]. At this stage of infection, IFN-gamma may have a key role 
in controlling parasitemia, as mentioned before. In addition, 
there is evidence that IFN-gamma may act synergistically with 
benzonidazole during the acute phase, helping parasite clear- 
ance [19]. 

Most individuals that enter the chronic phase remain in the 
indeterminate clinical form, which is asymptomatic and represents 
an excellent example of equilibrium between the parasite and its 
host [20]. The asymptomatic, indeterminate form of Chagas 
disease has been associated with predominant production of 
regulatory cytokines such as IL-10, over inflammatory cytokines 
such as IFN-gamma and TNF-alpha [21,22]. Thus, it is possible 
that the ability to produce IL-10 later in the acute phase will be 
important to control the response and allow for disease 
chronification. It is noteworthy that a fine balance between 
inflammatory and anti-inflammatory cytokines and an effective 
cellular response needs to be reached to keep parasite levels in 
check while avoiding tissue damage. 

These studies have provided limited, yet important, information 
helping to define the immune response in acutely infected 
individuals that allows for the establishment of hypotheses 
explaining the influence these events have on chronic disease 
evolution (Figure 3). Further studies to clarify the mechanisms 
involved in the immune response mounted during the acute phase 
will gready empower us to understand the influence of the early 
immunological events on the differential clinical evolution 
observed in the chronic phase and, hopefully, assist us in 
developing interventions designed to avoid pathology develop- 
ment. Importantly, studies that can characterize and compare the 
immune response of individuals acutely infected via different 
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Box 1. Immunity in Acute T. cruzi Infection — 
Lessons from Murine Models 

During the early stages of infection, activation of macro- 
phages and dendritic cells by pathogen-associated molec- 
ular patterns (PAMPs) will lead to the activation of these 
cells and subsequent production of IL-12. IL-12 induces 
IFN-gamma synthesis [33], which augments synthesis of IL- 
12 itself, TNF-alpha, and nitric oxide (NO) by macrophages, 
contributing to parasite clearance [34]. IFN-gamma also 
favours the recruitment of T cells by inducing expression 
of chemokines and adhesion molecules [35]. In the early 
phase of infection, most of the recruited mononuclear cells 
found in the focal inflammatory infiltrate surrounding T. 
cruzi-\ nfected cardiomyocytes are CD8 + lymphocytes. 
Thus, during early stages of the experimental infection, 
the production of inflammatory cytokines and the activa- 
tion of cytolytic cells may be critical for parasite control 
[36]. In fact, mice that are deficient in inflammatory 
cytokine production and in CD8+ T cell response are 
susceptible to T. cruzi infection [37]. CD4 + T cells play an 
important role, mostly as orchestrators of the immune 
response via cytokine production. Less frequent, yet 
functionally relevant T cell subpopulations, such as the 
CD4"CD8" (double negative) and CD4+CD8+ (double 
positive) T cells, have been shown to participate in 
immunity to T. cruzi, although their function is still not 
completely clear [38,39]. 

The ideal resolution of the acute phase should not only 
rely on controlling parasite dissemination, but also on 
down-regulating the immune system in order to avoid 
tissue damage. Increasing evidence supports the hypoth- 
esis that the fine balance between inflammatory and 
modulatory cytokines derived from distinct T cell sources is 
a key factor for preventing tissue damage to the host. The 
essential role of IL-10 in the immunomodulation was 
illustrated by experiments showing the role of this 
cytokine in balancing the TNF-alpha-driven pro-inflamma- 
tory response in T. cruzi-\ nfected mice [40]. IL-17, which 
was shown in other conditions to have pro-inflammatory 
properties, controls cardiac inflammation by modulating 
Th1 response in mice acutely infected with T. cruzi [41]. 
The importance of antibodies for controlling T. cruzi 
infection was demonstrated by the transfer of sera from 
chronically infected mice to naive mice, which showed 
significantly reduced parasitemia after challenge with T. 
cruzi [42]. However, antibodies are not only involved in the 
resistance to T. cruzi, but may also mediate tissue 
destruction. An important feature of this response is the 
preferential activation of CD5 + B cells [43], which had 
already been closely related to autoimmune disorders. 
The acute infiltration of immune cells in T. craz/-associated 
myocarditis is induced by a Thl -biased immune response, 
with high expression of the inflammatory cytokines IL-6, IL- 
1, and TNF-alpha [44,45], which control the expression of 
chemokines and adhesion molecules. While this inflam- 
matory reaction controls parasite replication and parasit- 
ism, it is also the main cause of tissue injury, leading to 
morbidity and mortality [36]. 

The translation of animal findings to humans has limita- 
tions; however, the use of experimental models has 
elucidated many conceptually important aspects of the 
infection, highlighting the crucial role of inflammatory 
responses for establishment of immune-mediated mech- 
anisms that drive disease outcome. These findings are 
summarized in Figure 4. 



Key Learning Points 

• How do acute phase events influence disease develop- 
ment? 

• How do immunosuppressant conditions influence the 
course of infection? 

• What are the key immunoregulatory events in acute 
phase, and how may their progression influence the 
chronic phase? 

routes (natural, oral, congenital, transfusion, and transplantation) 
will be of great value. 

Acute Chagas Disease in Immunocompromised 
Patients: Importance for Transplantation and HIV 
Management 

The peculiar epidemiology of Chagas disease, with different 
forms of transmission and parasite isolates, has faced a new 
challenge: the reactivation of Chagas disease in patients with 
impaired cellular immunity. At least two groups of individuals are 
susceptible to Chagas reactivation due to immunosuppression: 
HIV co- infected individuals and transplant patients. Parasitemia 
is the most defining feature of reactivation [23], which usually 
presents with severe symptoms such as myocarditis [24] and 
meningoencephalitis [25] . 

In HIV-infected (or AIDS) patients, T. cruzi has emerged as an 
important opportunistic pathogen. It has been shown that between 
20% and 40% of individuals co-infected with HIV and T. cruzi may 
experience disease reactivation, with parasitemia levels as high as the 
ones observed in the acute infection. It has also been observed that 
death is more common and occurs earlier in co-infected patients, as a 
result of complications related to both diseases. Meningoencephalitis is 
the most common manifestation associated with co-infection in 
individuals that experience disease reactivation, and the mortality rate 
may reach 100% [26]. Clinical studies have shown that reactivation of 
Chagas disease is directly associated with increased HIV levels and 
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Figure 3. Clinical evolution of human Chagas disease. During the acute phase of human Chagas disease, macrophage and NK cell activation 
occur, as well as antibody production by plasma cells. These events lead to control of the parasite levels, observed in the late stages of the acute 
phase and throughout the chronic phase. NK cells and macrophages produce cytokines that might activate other cells such as CD4+, CD8+, and other 
T cell subpopulations, although the participation of these cells during the acute phase is not clear. The dotted boxes around some cytokines indicate 
that the cells associated with them may be responsible for their production, however, there is yet to be a definitive study confirming this. The 
production of IL-10 and other anti-inflammatory molecules may influence control of the response, decreasing tissue damage and allowing for the 
disease to enter into the chronic phase. In other studies, there is much evidence supporting that the predominance of an inflammatory environment 
during the chronic phase is associated with symptomatic forms (cardiac and digestive), whereas the predominance of an anti-inflammatory 
environment is associated with the maintenance of the indeterminate form. 
doi:1 0.1 371 /journal.pntd.000301 0.g003 



decreased CD4-+ T cells counts in the peripheral blood [27]. 
Interestingly, patients who do not present reactivation of Chagas, but 
are co-infected, display higher CD4 counts and produce higher levels 
of IEN-gamma, TNF-alpha, and especially IL-4, than the HTV single- 
infected individuals [28] . 

Once HIV is diagnosed, T. cruzi specific treatment should be 
taken into consideration prior to the event of severe immunosup- 
pression in order to either prevent or minimize the risk of Chagas 
disease reactivation. Although the duration of the treatment for 
immunocompromised patients has not been standardized yet, it is 
recommended the treatment should be continuous during 
immunosuppression, as it is for organ transplantation cases. 
Adverse side effects are frequent and there is a limited efficacy in 
achieving parasitological cure [29]. 

Another important situation in which patients may experience 
Chagas disease reactivation is due to immunosuppression previous 



to transplantation. This may occur inadvertently, in cases in which 
the patient undergoes transplantation without knowing that he/ 
she has Chagas disease (usually in asymptomatic individuals in 
non-endemic countries), or due to heart transplant as a result of 
Chagas-related cardiac damage. Recent studies have shown that 
recurrence of Chagas disease may also occur in patients with 
lymphoreticular neoplasias, especially acute lymphocytic leukemia 
or Hodgkin's disease [30] . One challenge of identifying Chagas 
disease in immunosuppressed patients is that sera conversion may 
not occur. Thus, it is important to use other methods, such as 
PCR, to identify the parasite, allowing for early therapeutic 
intervention. It is recommended that exams be performed post- 
transplantation in intervals of one or two weeks for up to six 
months. 

Patients with advanced Chagas cardiac disease may be eligible 
for heart transplant as a clinical management strategy for dilated 
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Figure 4. Immune response in the experimental murine model. Following infection with T. cruzi, the parasites infect and replicate in many 
nucleated cells. Innate immunity cells such as macrophages, dendritic cells, and NK cells provide the first line of defence against infection with T. cruzi, 
preceding the onset of the specific immune response by T and B lymphocytes. Parasite antigens induce macrophages to synthesize IL-1 2, a powerful 
inducer of IFN-gamma by NK cells. This inflammatory cytokine, together with TNF-alpha, triggers activation of macrophages and the inflammatory 
process, controlling parasite replication. Macrophage-derived reactive nitrogen intermediates (RNI) are directly associated with control of parasite 
burden. Differentiation and expansion of CD4+ and CD8+ T cells with polarization towards IFN- gamma are elicited by IL-1 2 derived from dendritic 
cells and NK cells, triggering cytotoxic activity by CD8+ T cells and effector mechanisms in macrophages. Effector CD4+ T cells stimulate B cells into 
proliferation and subsequent antibody production, which can lyse the trypomastigote forms. The acute phase is also characterized by recruitment of 
T cells to the tissues, in which IFN-gamma plays a major role by inducing chemokine production. In early immune responses, the inflammatory 
environment is crucial for host resistance to infection, but it might also lead to genesis of tissue damage. These immunological events were described 
in experimental models, and although the translation to human studies has limitations, they have elucidated many important aspects of T. cruzi 
infection. 

doi:1 0.1 371 /journal.pntd.000301 0.g004 



myocardiopathy [31]. In such cases, also as a result of 
immunosupression prior to the transplant, parasite levels may 
increase and disease reoccur. When a patient is known to have 
Chagas disease, specific treatment is immediately introduced and 
the results are usually successful. Another consideration is with 
regards to the use of organs from Chagas patients to healthy 
recipients. Transplantation of the kidney or liver from an infected 
donor resulted in transmission in 19% and 29%, respectively [32], 
while transplantation of the heart from a T. erKZZ-infected donor is 
contraindicated. 

Concluding Remarks 

The epidemiological data reviewed in this article demonstrate 
that despite the successful initiatives to eliminate T. cruzi 
transmission by Triatoma infestans in certain endemic countries 
of Latin America, the coexistence of T. cruzi, their reservoirs, and 



vectors persists as a health problem, leading to outbreaks caused 
by oral and vectorial transmission. Migratory globalization has 
brought Chagas disease to a new global scenario. Important 
challenges remain associated with this picture, as discussed, such as 
prevention and control, early diagnosis, and therapeutic interven- 
tion. 

Understanding how the immune response mounted in the acute 
phase can interfere with the development of pathology in the 
chronic phase is critical. To this end, identifying antigens that lead 
to immune activation early in disease and that might direct the 
response towards a protective one, is a fundamental discovery that 
remains to be achieved. Another level of complexity is added by 
the fact that the maintenance of health requires a fine balance 
between an activated response that leads to parasite control and a 
regulatory response that avoids tissue damage. Integrated 
approaches that combine studies of parasite and host factors, 
from clinical, genetic, and molecular stand-points will certainly be 
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essential to understand the effects of the acute phase in disease 
development. Moreover, the discovery of cellular, genetic, and 
clinical biomarkers of disease progression and severity is a critical 
aspect to guide new medical practices towards prevention of 
pathology. Additionally, identification of biomarkers of treatment 
efficacy is another critical aspect in the management of Ghagas 
patients. Identifying reliable biomarkers is, thus, an urgent need in 
Chagas disease. Cooperative efforts amongst scientists of different 
expertise and access to modern technology are, more than ever, 
necessary to battle Chagas disease. 

Methods for Search Strategy and Selection 
Criteria 

Data for this review were identified by searches of MEDLINE, 
PubMed, and references from relevant articles using the search 
terms: "acute Chagas disease AND outbreaks," "epidemiology of 
Chagas disease AND new cases," "Chagas disease AND Europe," 

References 

1. World Health Organization (2013) Tropical Disease Research. Program for 
research and training tropical disease (TDR). Fact sheet N°340. Updated 
March 2013. Geneva: World Health Organization. 

2. Dias JCP (2007) Southern Cone Initiative for the elimination of domestic 
populations of Triatoma injestans and the interruption of transfusion Chagas 
disease. Historical aspects, present situation, and perspectives. Mem Inst 
Oswaldo Cruz 102: 11-18. 

3. Nobrega AA, Garcia MH, Tatto E, Obara MT, Costa E, et al. (2009) Oral 
transmission of Chagas disease by consumption of acai palm fruit, Brazil. 
Emerg Infect Dis 15: 653—655. 

4. Bastos CJ, Aras R, Mota G, Reis F,Dias JP, et al. (2010) Clinical outcomes of 
thirteen patients with acute chagas disease acquired through oral transmission 
from two urban outbreaks in northeastern Brazil. PLoS Negl Trop Dis 4: e71 1. 

5. Bern C, Kjos S, Yabsley MJ, Montgomery SP (2011) Trypanosoma cruzi and 
Chagas' Disease in the United States. Clin Microbiol Rev 24:655-681. 

6. Angheben A, Anselmi M., Gobbi F, Marocco S, Monteiro G, et al. (2011) 
Chagas disease in Italy: breaking an epidemiological silence. Euro Surveill 16: 
19969. 

7. Menezcs C, Costa GC, Gollob KJ, Dutra WO (2011) Clinical aspects of 
Chagas disease and implications for novel therapies. Drug Dev Res 72: 471— 
479. 

8. Sathler-Avelar R, Lemos EM, Reis DD, Medrano-Mercado N, Araujo-Jorgc 
TC, et al. (2003) Phenotypic features of peripheral blood leucocytes during 
early stages of human infection with Trypanosoma cruzi. Scand J Immunol 58: 
655-663. 

9. Argibay PF, Di Noia JM, Hidalgo M, Mocetti E, Barbich M, et al. (2002) 
Trypanosoma cruzi surface mucin TcMuc-c2 expressed on higher eukaryotic 
cells induces human T cell ancrgy, which is reversible. Glycobiology 12: 25-32. 

10. Buscaglia CA, Campo VA, Frasch AC, Di NoiaJM. (2006) Trypanosoma cruzi 
surface mucins: host-dependent coat diversity. Nat Rev Microbiol 4: 229-236. 

11. Junqueira C, Caetano B, Bartholomcu DC, Melo MB, Ropert C, et al. (2010) 
The endless race between Trypanosoma cruzi and host immunity: lessons for 
and beyond Chagas disease. Expert Rev Mol Med 12: c29. 

12. Ouaissi A, Da Silva AC, Guevara AG, Borges M, Guilvard E (2001) 
Trypanosoma enm-induced host immune system dysfunction: a rationale for 
parasite immunosuppressive factor(s) encoding gene targeting. J Biomed 
Biotechnol 1: 11-17. 

13. Costa RP, Gollob KJ, Fonseca LL, Rocha MO, Chaves AC, ct al. (2000) T-cell 
repertoire analysis in acute and chronic human Chagas' disease: differential 
frequencies of VJ35 expressing T cells. Scan J Immunol 51: 511-519. 

14. Menezcs CA, Rocha MO, Souza PE, Chaves AC, Gollob KJ, et al. (2004) 
Phenotypic and functional characteristics of CD28+ and CD28— cells from 
chagasic patients: distinct repertoire and cytokine expression. Clin Exp 
Immunol 137: 129-138. 

15. Minoprio P (2001) Parasite polyclonal activators: new targets for vaccination 
approaches? IntJ Parasitol 31: 588-591. 

16. Antas PRZ, Medrano-Mercado N, Torrico F, Ugartc-Fcrnadez R, Gomez F, 
et al. (1999) Early, intermediate, and late acute stages in Chagas' disease: a 
study combining anti-galactose IgG, specific serodiagnosis, and polymerase 
chain reaction analysis. Am J Trop Med Hyg 61: 308-314. 

17. Medrano-Mercado N, Luz MR, Torrico F, Tapia G, Van Leuven F, et al. 
(1996) Acute-phase proteins and serologic profiles of chagasic children from an 
endemic area in Bolivia. AmJ Trop Med Hyg 54: 154—161. 

18. Samudio M, Montenegro-James S, Cabral M, Martinez J, Rojas de Arias A, 
et al. (1998) Cytokine responses in Trypanosoma crazz-infcctcd children in 
Paraguay. AmJ Trop Med Hyg 58: 119-121. 



"Chagas diseases outbreaks AND oral transmission," "Chagas 
disease AND non-endemic," "acute Chagas disease AND 
Amazon," "oral infection AND Chagas," "oral Chagas disease 
AND Latin America," "Transplantation AND T. cruzi infection," 
"Casos agudos de chagas no Brasil," "Chagas disease AND 
AIDS," "Reactivation AND Chagas disease," "Chagas disease 
AND immunesupression." Abstracts from meetings were not 
included in the references, which concentrated on the indexed 
literature. 

Acknowledgments 

The authors present our apologies to the authors of many important papers 
not cited here because of format limitations and thank all the researchers 
whose scientific contributions have allowed for great progress towards the 
understanding of Chagas disease. We arc indebted to Ms. Alice Okawara, 
who generously provided us with the beautiful and relevant pictures from 
the Amazon region, showing the harvesting of acai by a local. 



19. Bahia-Oliveira LMG, Gomes JA, Cancado JR, Ferrari TC, Lemos EM, et al. 
(2000) Immunological and clinical evaluation of chagasic patients subjected to 
chemotherapy during the acute phase of Trypanosoma cruzi infection 14-30 
years ago. J Infect Dis 182: 634-638. 

20. Dutra WO, Menezcs CA, Villani FN, da Costa GC, da Silveira AB, et al. 
(2009) Cellular and genetic mechanisms involved in the generation of 
protective and pathogenic immune responses in human Chagas disease. 
Mem Inst Owaldo Cruz 104: 208-218. 

21. Souza PE, Rocha MO, Menezcs CA, Coelho JS, Chaves AC, et al. (2007) T. 
cruzi infection induces differential modulation of costimulatory molecules and 
cytokines by monocytes and T cells from patients with indeterminate and 
cardiac Chagas' disease. Infect Immun 75: 1886-1894. 

22. de Araujo FF, Correa-Oliveira R, Rocha MO, Chaves AT, Fiuza JA, et al. 

(2012) Foxp3+CD25 (high) CD4+ regulatory T cells from indeterminate 
patients with Chagas disease can suppress the effector cells and cytokines and 
reveal altered correlations with disease severity. Immunobiology 217:768-777. 

23. Pinazo MJ, Espinosa G, Cortcs-Lletget C, Posada Ede J, Aldasoro R, et al. 

(2013) Immunosuppression and Chagas Disease: A Management Challenge. 
PLoS Negl Trop Dis 7: cl965. 

24. Sartori AM, Neto JE, Nunes EV, Braz LM, Caiafa-Filho HH, ct al. (2002) 
Trypanosoma cruzi parasitemia in chronic Chagas disease: comparison between 
human immunodeficiency virus (HIV)-positive and HIV-negative patients. 
J Infect Dis 186: 872-875. 

25. Py MO. (2011) Neurologic manifestations of Chagas disease. Curr Neurol 
Neurosci Rep 11: 536-542. 

26. Almeida EA, Ramos Junior AN, Correia D, Shikanai-Yasuda MA. (201 1) Co- 
infection Trypanosoma cruzi /HIV: systematic review (1980-2010). Rev Soc 
Bras Med Trop 44: 762-770. 

27. Freitas VLT, da Silva SC, Sartori AM, Bezcrra RC, Westphalen EV, et al. 
(2011) Real-Time PGR in HIV /Trypanosoma cruzi coinfection with and 
without Chagas Disease reactivation: Association with HIV viral load and 
CD4+ level. PLoS Negl Trop Dis 5: el 227. 

28. Rodrigucs DB, Correia D, Marra MD, Giraldo LER, Lages-Silva E, et al. 
(2005) Cytokine serum levels in patients infected by human immunodeficiency 
virus with and without Trypanosoma cruzi coinfection. Rev Soc Bras Med Trop 
38: 483-487. 

29. Sartori AM, Ibrahim KY, Nunes Westphalen EV, Braz LM, Oliveira OC Jr, 
et al. (2007) Manifestations of Chagas disease (American trypanosomiasis) in 
patients with HIV/AIDS. Ann Trop Med Parasitol 101: 31-50. 

30. Fontes Rezende RE, Lcscano MA, Zambclli Ramalho LN, de Castro 
Figueiredo JF, Oliveira Dantas R, et al. (2006) Reactivation of Chagas' disease 
in a patient with nonHodgkin's lymphoma: gastric, oesophageal and laryngeal 
involvement. Trans R Soc Trop Med Hyg 100: 74-78. 

31. Ferreira MS, Borges AS (2002) Some aspects of protozoan infections in 
immunocompromised patients- a review. Mem Inst Oswaldo Cruz 97: 443- 
457. 

32. Bern C (2012) Chagas disease in the immunosupprcsscd host. Curr Opin Infect 
Dis 25: 450-457. 

33. Pestka S, Krause CD, Walter MR (2004) Interferons, interferon-like cytokines, 
and their receptors. Immunol Rev 202: 8-32. 

34. Silva JS, Vespa GN, Cardoso MA, Aliberti JC, Cunha FQ, (1995) Tumor 
necrosis factor alpha mediates resistance to 'Trypanosoma cruzi infection in 
mice by inducing nitric oxide production in infected y-interfer on-activated 
macrophages. Infect Immun 63: 4862-4867. 

35. Lannes-Vieira J (2003) Trypanosoma crazz-elicited CD8+ T cell mediated 
myocarditis: chemokine receptors and adhesion molecules as potential 



PLOS Neglected Tropical Diseases | www.plosntds.org 



8 



July 2014 | Volume 8 | Issue 7 | e3010 



therapeutic targets to control chronic inflammation? Mem Inst Oswaldo Cruz 
98: 299-304. 

36. Reis DD, Jones EM, Tostes S Jr, Lopes ER, Gazzinclh" G, ct al. (1993) 
Characterization of inflammatory infiltrates in chronic chagasic myocardial 
lesions: presence of tumor necrosis factor-alpha+ cells and dominance of 
granzyme A+, CD8+ lymphocytes. Am J Trop Med Hyg 48: 637-644. 

37. Tarleton RL, Koller BH, Latour A, Postan M (1992) Susceptibility of beta 2- 
microglobulindcficicnt mice to Trypanosoma cruzi infection. Nature 356: 338- 
340. 

38. Perez AR, Morrot A, Bcrbert LR, Terra-Granado E, Savino W (2012) 
Extrathymic CD4+CD8+ lymphocytes in Chagas disease: possible relationship 
with an immunoendocrinc imbalance. Ann N Y Acad Sci 1262: 27—36. 

39. Nagib PRA, Dutra WO, Chiari E, Machado CRS (2007) Trypanosoma cruzi; 
populations bearing opposite virulence induce differential expansion of 
circulating CD3+CD4— CD8~ T cells and cytokine serum levels in young 
and adult rats. Exp Parasitol 1 16: 366-374. 

40. Holschcr C, Mohrs M, Dai WJ, Kohler G, Ryffcl B, ct al. (2000) Tumor 
necrosis factor alpha- mediated toxic shock in Trypanosoma cruzi infected 
interleukin 10 —deficient mice. Infect Immunol 68:4075—4083. 

41. Gucdcs PMM, Gutierrez FR, Maia FL, Milanezi CM, SilvaJK, et al. (2010) 
IL-17 produced during Trypanosoma cruzi infection plays a central role in 
regulating parasite-induced myocarditis. PLoS Ncgl Trop Dis 4: e604. 

42. Sthoeger ZM, Wakai M, Tse DB, Vincinquerra VP, Allen SL, et al. (1989) 
Production of autoantibodies by cd5-exprcssing B lymphocytes from patients 
with chronic lymphocytcc leukemia. J Exp Med 169: 255—268. 

43. Minoprio P, Itohara S, Heusser C, Tonegawa S, Coutinho A (1989) 
Immunobiology of murine Trypanosoma cruzi infection: the predominance 
of parasite-nonspecific responses and the activation of TcRI T cells. Immunol 
Rev 112: 183-207. 

44. SilverioJC, Pcreira IS, Cipitelli MC, Vinagre NF, Rodngues MM, ct al. (2012) 
CD8+ T-cells expressing interferon gamma or perforin play antagonistic roles 
in heart injury experimental T. cruzi- elicited cardiomyopathy. PLoS Pathog 8: 
cl002645. 

45. Petray P, Corral R, Meckert PC, Laguens R (2002) Role of macrophage 
inflammatory protein- la (MlP-la) in macrophage homing in the spleen and 
heart pathology during experimental infection with Trypanosoma cruzi. Acta 
Tropica 83: 205-211. 

46. Pinto AYN, Valcntc SAS, Lopes R, Silva O, Castro T, ct al. (2003) Ocorrencia 
dc Tripanosomiasc aguda familiar no municipio dc lgarape-Miri, Para: 
gravidadc dc aprcscntacao clinica em idosos. Rev Soc Bras Med Trop 36: 381. 

47. Santos EO, Cancla JR, Moncao HCG, Roque MJG (2002) Reactivation of 
Chagas disease leading to the diagnosis of Acquired Immunodeficiency 
Syndrome. Braz J Infec Dis 6: 317—321- 

48. Sartori AMC, Caiaffa-Filho HH, Bczcrra RC, Gulherme CS, Lopes MH, et al. 
(2002) Exacerbation of HIV viral load simultaneous with asymptomatic 
reactivation of chronic Chaga's disease. Am J Trop Med Hyg 67: 521-523. 

49. Nicholls RS, Cucunuba ZM, Knudson A, ct al. (2007). Enfermedad de Chagas 
aguda en Colombia, una entidad poco sospechada. Informe de 10 casos 
presentados en el periodo 2002 a 2005. "Acute Chagas disease in Colombia: a 
rarely suspected disease. Report of 10 eases presented during the 2002-2005 
period." Biomedica 27: 8-17. 

50. Rios JR, Arboleda M, Montaya AL, Alarcon EP, Parra-Henao GJ (2011) 
Probable outbreak of oral transmission of Chagas disease in Turbo, Antioquia. 
Biomedica 31: 185-195. 

51. Cutrim FSFR, Almeida IA, Goncalves EGR, Silva AR (2010) Doenca de 
Chagas no estado do Maranhao, Brazil: record of acute cases from 1994 to 
2008. Rev Soc Bras Med Trop 43: 705-708. 

52. Monteiro WM, Barbosa MGV, Toledo MJO, Fe FA, Fe NF (2010) Series of 
acute Chagas' disease cases attended at a tertiary-level clinic in Manaus, State 
of Amazonas, from 1980 to 2006. Rev Soc Bras Med Trop 43: 207-210. 

53. Medeiros MB, Guerra JAO, Lacerda MVG (2008) Meningoencephalitis in a 
patient with acute Chagas disease in the Brazilian Amazon. Rev Soc Bras Med 
Trop 41: 520-521. 

54. Brazil, Ministry of Health, Department of Health Surveillance [Secretaria de 
Vigilancia cm Saude]. (2005) Brazilian Consensus on Chagas disease. Rev Soc 
Bras Med Trop 38: 30. 

55. Valcntc VC, Almeida AJB, Valente SAS, Pinto AYN, Miranda C, et al. (2005) 
Nova microcpidemia familiar com tres casos de doenca de Chagas em Belem 
estado do Para. Rev Soc Bras Med Trop 38: 413. 

56. Mufioz J, Portus M, Corachan M, Fumado V, Gascon J (2007) Congenital 
Trypanosoma cruzi infection in a non-endemic area. Trans R Soc Trop Med 
Hyg 101: 1161-1162. 

57. Lescure FX, Cancstri A, Melliez H (2008) Chagas disease, France. Emcrg 
Infect Dis 14: 644-646. 

58. Bestetti RB, Cury PM, Theodoropoulos TA, Villafanha D (2004) Trypanosoma 
cruzi myocardial infection reactivation presenting as complete atrioventricular 
block in a Chagas' heart transplant recipient. Cardiosvasc Pathol 13: 323-326. 

59. Maladosso G, Pellini G, Vasconcelos MJ, Ribeiro AF, Weissmann L,ct al. 
(2004) Chagasic meningoencephalitis: case report of a recently included AIDS- 
defming illness in Brazil. Rev Inst Med Trop Sao Paulo 46: 199-202. 

60. Anghcben A, Giaconc E, Menconi M, Casazza G, Najajreh M, et al. (2012) 
Reactivation of Chagas disease after a bone marrow transplant in Italy: first 
case report. Blood Transf 10: 542-544. 



61. Rivera J, Hillis LD, Levine BD (2004) Reactivation of cardiac Chagas' disease 
in acquired immune deficiency syndrome. Am J Cardiol 94: 1102-1103. 

62. Souza FF, Castro-E-Silva O, Marin Neto JA, Sankarankutty AK, Teixeira AC, 
et al. (2008) Acute chagasic myocardiopathy after orthotopic liver transplan- 
tation with donor and recipient serologically negative for Trypanosoma cruzi; a 
case report. Transplant Proc 40: 875-878. 

63. Apt W, Zulantay I, Arncllo M, Gonzales S, Rodrigucs J, et al. (2012) 
Congenital infection by Trypanosoma cruzi in an endemic area of Chile: a 
multidiseiplinary study. Trans R Soc Trop Med Hyg 107: 98-104. 
doi: 1 0. 1 093/trstmh/trsO 1 3 

64. Brazil, Ministry of Health, Department of Health Surveillance [Secretaria de 
Vigilancia em Saude]. (2005) Doenca de Chagas aguda relacionada a ingestao 
de caldo de cana em Santa Catarina. Brasilia, 2005. Available: http://www. 
anvisa.gov.br. Accessed 6 December 2012. 

65. Valerga M, Bases O, Martin M, Papucci T (2005) Multifocal encephalitis in an 
AIDS patient. Enferm Infecc Microbiol Clin 23: 569-570. 

66. D'Avila SC, D'Avila AM, Pagliari C, Goncalves VM, Duarte MI (2005) 
Erythema nodoso in reactivation of Chagas' disease after cardiac transplan- 
tation. Rev Soc Bras Med Trop 38: 61—63. 

67. Morctti E, Basso B, Castro I, Carrizo PM, Chaul M, et al. (2005) Chagas' 
disease: study of congenital transmission in cases of acute maternal infection. 
Rev Soc Bras Med Trop 38: 53-55. 

68. Auger S, Storino R, Rosa M, Caravello O, Gonzales MI, et al. (2005) Chagas y 
SIDA, la importancia del dignostico precoz. Rev Argent Cardiol 73: 439-445. 

69. Nobrcga AA, Garcia MH, Tatto E, Obara MT, Costa E, ct al. (2009) Oral 
transmission of Chagas disease by comsuption of acai palm fruit, Brazil. Emcrg 
Infect Dis 15: 653-655. 

70. Corti M, Yamplosky C (2006) Prolonged survival and immune reconstitution 
after chagasic meningoencephalitis in a patient with acquired immunodefi- 
ciency syndrome. Rev Soc Bras Med Trop 39: 85-88. 

71. Secretaria dc Vigilancia em Saude (SVS) do Brasil (2007) Doenca de Chagas 
Aguda. Nota Tecnica, 9 de outubro de 2007. Available: http://port.al. saude. 
gov.br/portal/arquivos/pdf/nota_chagas_091007.pdf Accessed 12 December 
2007. 

72. Secretaria de Saude do Estado do Ccara. Doenca dc C lhagas Aguda. Nota Tecnica 
Marco 2006. Available: http://www. google. eom.br/url?sa — t&rct— j&q — &esrc — 
s&souree = web&cd = l&ved - OCBwQFjAA&url = http%3A%2F%2Fwww.saude. 
cc.go\^br%21 H lndcx.php%2Fnotas-tccnicas°/(>31 , Vlo\viiloacl < M)3D20 < M)2r)3Adocnca- 
de-chagas&ei = xv62U-GvJ8nmsASS_IHICg&usg - AFOJCNGsqyQaq8Nr2b 
XycHQmXMpXGPc3BQ&sig2 = nfXi-s05ElXyGH7 P 4JfSAw&bvm - bv. 
70138588,d.eWc. Accessed 8July 2014. 

73. Salas Clavijo NA, Postigo JR, Schneider D, SantallaJA, Brutus L, et al. (2012) 
Prevalence of Chagas disease in pregnant women and incidence of congenital 
transmission in Santa Cruz de la Sierra, Bolivia. Acta Trop 124: 87—91. 

74. Wanderley DMV, Rodrigues VLCC, Leite RM, Dias SY, de Carvalho ME, 
et al. (2010) On an acute case of Chagas disease in a region under vector 
control in the state of Sao Paulo, Brazil. Rev Inst Med Trop Sao Paulo 52: 
151-156. 

75. Riera C, Guarro A, Kassab HE, JorbaJM, Castro M, ct al. (2006) Congenital 
transmission of Trypanosoma cruzi in Europe (Spain): a case report. Am J Trop 
Med Hyg 75: 1078-1081. 

76. Cabrera R, Vega S, Cacercs AG, Ramal AC, Alvarez C, et al. (2010) 
Epidemiological investigation of an acute case of Chagas disease in an area of 
active transmission in Peruvian Amazon region. Rev Inst Med Trop Sao Paulo 
52: 269-272. 

77. Dorn PL, Perniciaro L, Yabslcy MJ, Roelling DM, Balsamo G, et al. (2007) 
Autochthonous transmission of Trypanosoma cruzi, Louisiana. Emcrg Infect 
Dis 13: 605-607. 

78. Jackson Y, Myers C, Diana A, Marti H, Wolf H, et al. (2009) Congenital 
transmission of Chagas disease in Latin America immigrants in Switzerland. 
Emcrg Infect Dis 1: 601-603. 

79. Centers for Disease Control and Prevention (CDC) (2006) Chagas disease after 
organ transplantation— Los Angeles, California, 2006. MMWR Morb Mortal 
Wkly Rep 55: 798-800. 

80. Pinto AYN, Valente VC, Valente SAS, Figueiras ACM (2011) Congenital 
Chagas disease due to acute maternal Trypanosoma cruzi infection transmitted 
by the oral route. Rev Pan-Amaz Saude 1: 89—94. 

81. Bastos CJ, Aras R, Mota G, Reis F, Reis F, et al. (2010) Clinical outcomes of 
thirteen patients with acute chagas disease acquired through oral transmission 
from two urban outbreaks in northeastern Brazil. PLoS Negl Trop Dis 4: c7 1 1 . 

82. Fontes Rezende RE, Lescano MA, Zambelli Ramalho LN, de Castro 
Figucircdo JF, Olivcira Dantas R, et al. (2006) Reactivation of Chagas' disease 
in a patient with non-Hodgkin's lymphoma: gastric, oesophageal and laryngeal 
involvement. Trans R Soc Trop Med Hyg 100: 74-78. 

83. Beltrao Hde B, Cerroni Mde P, Freitas DR, Pinto AY, Valcntc VdaC, et al. 
(2009) Investigation of two outbreaks of suspected oral transmission of acute 
Chagas disease in the Amazon region, Para State, Brazil, in 2007. Trop Doct 
39: 231-232. 

84. Murcia L, Carrilero B, Munoz-Davila MJ, Thomas MC, Lopez MC, et al. 
(2012) Risk Factors and Primary Prevention of Congenital Chagas Disease in a 
Nonendemic Country. Clin Infect Dis 56: 496-502. 

85. Noya A, D'ias-Bcllo Z, Colmenares C (2010) Largen urban outbreak of orally 
acquired acute Chagas disease at a school in Caracas, Venezuela. J Infcc Dis 
201: 1308-1315. 



PLOS Neglected Tropical Diseases | www.plosntds.org 



9 



July 2014 | Volume 8 | Issue 7 | e3010 



86. Gallerano V, ConsigliJ, Pcrcyra S, Gomez Zanni S, Daniclo C, ct al. (2007) 
Chagas' disease reactivation with skin symptoms in a patient with kidney 
transplant. Int J Dermatol 46: 607-610. 

87. Marehiori PE, Alexandre PL, Britto N, Patzina RA, Fiorclli AA, et al. (2007) 
Late reactivation of Chagas' disease presenting in a recipient as an expansive 
mass lesion in the brain after heart transplantation of Chagas myocardiopathy. 
J Heart Lung Transplant 26: 1091-1096. 

88. Secretaria de Vigilancia em Saiide (SVS) of Brasil (2007) Doenca de Chagas 
Aguda. Nota Tecnica, 9 de outubro de 2007. Available: http://portal.saude. 
gov.br/portal/ arquivos/pdf/ notachagas091007.pdf. Accessed 12 December 
2007. 

89. Hernandez LML, Cano ANR, Cucunuba Z, Zambrano P (2009) Brote de 
Chaga Agudo en Lcbrija, Santander. Rev Observ Salud Pub de Santander 
(OSPS) 4: 28-36. 

90. Brutus L, Schneider D, Postigo J, Romero M, Santalla J, et al. (2008) 
Congenital Chagas disease: diagnostic and clinical aspects in an area without 
vectorial transmission, Bermejo, Bolivia. Acta Trop 106: 195-199. 

91. WHO (2009) Control and prevention of Chagas disease in Europe. Report of a 
WHO Informal Consultation. Geneva Switzerland 17—18 December 2009. 
Available: http:/ /www.fac.org.ar/ 1 / comites/ chagas/ Chagas_WHO_ 
Technical % 20Rcport_16_06_10.pdf. Accessed 1 July 2014. 

92. Maria Flores-Chavez, Yamile Faez, Jose M Olalla, et al. (2008) Fatal 
congenital Chagas' disease in a non endemic area: a case report. Cases J 1 : 302. 

93. Hall CS, Fields KJ (2008) Cutaneous presentation of Chagas' disease 
reactivation in a heart-transplant patient in Utah. Am Acad Dermatol 58: 
529-530. 

94. Oliveira LR, Assis LLT, Maltos AL, Calil MCRF, Moraes-Souza H (2010) 
Rcativacao da doenca de Chagas com envolvimento do sistema nervoso central 
durante o tratamento de linfoma nao Hodgkin. Rev Bras Hematol Hemater 32: 

269-272. 

95. Jackson Y, Chappuis F, Loutan L (2008) Maladie de Chagas en Suisse: faire 
face a une maladie emergente et interrompre la chame de transmission. Rev 
Med Suisse 4: 1212-1217. 

96. Pavia PX, Montilla M, Florez C, Herrera G, OspinaJM, et al. (2009) Reporte 
del primer caso de enfermedad de Chagas transplaccntaria analizado por AP- 
PCR en Moniquira, Boyaca. Biomedica 29: 513-522. 

97. Barona-Vilar C, Gimcncz-Marti MJ, Fraile T,Gonzales-Steinbauer C, Parada 
C, et al. (2012) Prevalence of Trypanosoma cruzi infection in pregnant Latin 
American women and congenital transmission rate in a non-endemic area: the 
experience of the Valcncian Health Programme (Spain). Epidemiol Infect 140: 
1896-1903. 

98. Martinez de Tejada B, Jackson Y, Paccolat C, Irion O (2009) Congenital 
Chagas disease in Geneva: diagnostic and clinical aspects. [Article in French]. 
Rev Med Suisse 21: 2091-2092. 

99. Burgos LG, Ortiz BD, Canese A, Ojeda A, Melo M (2012) Reactivation of 
Chagas disease by immunossuprcssivc therapy in a patient with systemic lupus 
erythematosus: report of an exceptional case. Am J Dcrmathol 34: c84. 



100. Rissio AM, Scollo K, Cardoni RL (2009) La transmision madre-hijo del 
Trypanosoma cruzi en la Argentina /Maternal fetal-transmission of Trypano- 
soma cruzi in Argentina. MEDICINA (Buenos Aires) 69: 529-535. 

101. Sosa-Estani S, Dri L, Touris C, Abalde S, Dcll'arciprete A, et al. (2009) 
Vectorial and congenital transmission of Trypanosoma cruzi in Las Lomitas, 
Formosa. Medicina (Buenos Aires) 69: 424-430. 

102. Barbosa-FerreiraJM, GuerraJA, Santa-Filho FS, Magalhaes BM, Coelho LI, 
et al. (2010) Cardiac involvement in acute Chagas disease cases in the Amazon 
region. Arq Bras Cardiol 94: 147-149. 

103. Voelker R (2012) Congenital Chagas disease reported in United States. JAMA 
308: 443. 

104. Carrilero B, QuesadaJJ, Alfayate S, Segovia M (2009) Enfermedad de Chagas 
congenita en recien nacido de madre de origen boliviano. Enfcrm Infecc 
Microbiol Clin 27: 486-487. 

105. Olga Lopez M (2010) Meningoencefalitis chagasica en un paciente con 
infeccion por VIH/SIDA con sobrevida a tres ahos: Caso clinico. "Three-year 
survival of a patient with HIV and chagasic meningoencephalitis: Case report." 
Rev Chil Infect 27: 160-164. 

106. Cabrera R, Vega S, Caceres AG, Ramal AC, Alvarez C, et al. (2010) 
Epidemiological investigation of an acute case of Chagas disease in an area of 
active transmission in Peruvian Amazon region. Rev Inst Med Trop Sao Paulo 
52: 269-272. 

107. Mallimaci MC, Sosa-Etani S, Russomando G, Sanchez Z, Sijvarger C, et al. 
(2010) Short Report: Early Diagnosis of Congenital Trypanosoma cruzi 
Infection, Using Shed Acute Acute Phase Antigen, in Ushuaia, Tierra del 
Fuego, Argentina. Am J Trop Med Hyg 82: 55—59. 

108. Jercic MI, Mercado R, Villarroel R (2010) Congenital Trypanosoma cruzi 
Infection in Neonates and Infants from Two Regions of Chile Where Chagas' 
Disease Is Endemic. J Clinic Microbiolol 48: 3824-3826. 

109. Silva AE, Silva AC, Faleiros AC, Guimaraes CS, Correa RR, et al. (2010) 
Acute Chaga's disease in postrenal transplant and treatment with Benzonida- 
zole. Ann Diagn Pathol 14: 199-203. 

110. Bisio M, Seidenstcin ME, Burgos JM, Ballering G, Risso M, et al. (2011) 
Urbanization of congenital transmission of Trypanosoma cruzi: prospective 
polymerase chain reaction study in pregnancy. Trans R Soc Trop Med Hyg 
105: 543-549. 

111. Vargas S, Carrasco JO, Espinoza P, Rios T, Brutus L (2011) Primer brote 
reportado de la enfermedad de chagas en la Amazonia Boliviana: reporte de 1 4 
casos agudos por transmision oral de Trypanosoma cruzi en Guayaramerin, 
Beni-Bolivia. "First reported outbreak of Chagas disease in the Bolivian 
Amazonean zone: a report of 14 cases of oral transmission of acute 
Trypanosoma cruzi in Guayaramerin, Beni-Bolivia." Biofarbo 19: 52-58. 

112. Carter YL, Juliano JJ, Montgomery PP, Qyarnstrom Y (2012) Acute Chagas 
Disease in a Returning Traveler. Am J Trop Med Hyg 87: 1038—1040. 

113. BuaJ, Volta BJ, Velazquez EB, Ruiz AM, Rissio AM, et al. (2012) Vertical 
transmission of Trypanosoma cruzi infection: quantification of parasite burden 
in mothers and their children by parasite DNA amplification. Trans R Soc 
Trop Med Hyg 106: 623-628. 



PLOS Neglected Tropical Diseases | www.plosntds.org 



10 



July 2014 | Volume 8 | Issue 7 | e3010 



